The goal o f t h e o p e r a b i l i t y t e s t 'procedure (OTP) was t o set up and assemble t h e L i g h t Duty U t i l i t y Arm (LDUA) system a t T-106, operate t h e LDUA i n s i d e o f T-106 and perform tasks w i t h each a v a i l a b l e end e f f e c t o r w i t h i n t h a t tank. performed between September 16, and September 30, 1996 a t T-106. The t e s t was successful.
The t e s t was authorized by the t e s t plan (Conrad, 1996) and was
Organizations involved i n the t e s t i n g included; Characterization
Funding was provided by TWRS (EMEquipment Engineering, TWRS Characterization P r o j e c t Operations, Remote System and Sensor Applications, and CPO c r a f t s . 30).
DESCRIPTION OF TEST The o b j e c t i v e o f the t e s t was t o demonstrate t h a t the LDUA and subsystems t h a t are a p p l i c a b l e t o t h e T-106 deployment could be s a f e l y deployed i n t h e f i e l d and operated as designed per t h e operating procedures.

See t h e attached OTP f o r a d e s c r i p t i o n o f the t e s t .
was w r i t t e n i t was n o t c e r t a i n whether the Optical Alignment Scope and gamma d e t e c t o r would be used and was so noted. As anticipated, they were n o t used as p a r t o f t h i s t e s t , as noted i n exceptions 1 and 2 o f Appendix B, Exception L i s t i n t h e attached OTP.
The equipment was setup a t T farm on September 17, 1996, c a b l i n g connected and powered up on September 18, Tank Riser I n t e r f a c e Confinement System (TRIC) was i n s t a l l e d on September 19, and shakedown t e s t i n g was performed on September 20, 1996. The U.S. Department o f Energy (DOE) Operational Readiness Review (ORR) approval was obtained on September 26, 1996 . Alignment o f the v e r t i c a l p o s i t i o n i n g mast (VPM) was performed on swing s h i f t September 26, 1996. The High Resolution Stereo Video System (HRSVS) was deployed on day s h i f t , September 27, and the g r i p p e r end e f f e c t o r was deployed on September 30, 1996.
A t t h e time t h e OTP
Takedown began on swing s h i f t o f t h e same day.
TEST RESULTS
The r e s u l t s are organized below according t o t h e chronological sequence o f t h e procedures. categories o f procedure, equipment and personnel. steps are referenced accordingly.
SUBSYSTEM SETUP/ENERGIZATION (OTP STEP 5.1)
Within each procedure they are f u r t h e r separated i n t o subData r e q u i r e d by t h e OTP
The actual d u r a t i o n required t o set up was 2 s h i f t s . The TRIC was n o t set up t i l l t h e t h i r d day due t o issues w i t h the ORR. unreasonable goal t o be able t o perform setup i n one s h i f t i f c e r t a i n improvements are made.
Once t h e V i t i s camera was i n s t a l l e d the world model could be checked f o r accuracy (OTP step 5.2).
Exception #3 describes the discrepancies. Since T-106 had so much open space, t h e discrepancies were n o t a problem. However, i n a tank such as AX-104 where t h e r e are so many a i r l i f t c i r c u l a t o r s , t h e world model w i l l be r e l i e d upon more.
3.1.1 Procedure (TO-080-700) i s a l i g n e d properly.
It i s n o t an
A step should be added t o ensure t h e marmon clamp on t h e TRIC assembly
The P I C has requested t h a t the procedure The OVS camera t h a t was developed f o r the LDUA operation was n o t used. In-tank camera video imaging was performed using a VITIS I 1 camera due t o the need f o r s i g n i f i c a n t l y b e t t e r c o n t r o l and o p t i c a l r e s o l u t i o n . The shoulder mounted camera i n s i d e the VPM was n o t used.
Personnel
More r a d i o s need t o be purchased i n c l u d i n g a base set and 4 headsets. A C u r r e n t l y t h e r e are o n l y
The e l e c t r i c i a n s d i d n o t l i k e t h e cable r e e l s provided f o r power and I n f a c t they ended up abandoning t h e power cable r e e l s a l t o g e t h e r An evaluation should be made t o i d e n t i f y what Cable l a y o u t turned out t o be a time consuming
Adequate personnel were made avai 1 able f o r t h i s deployment.
ALIGNMENT (OTP STEP 5.3)
The O p t i c a l Alignment Scope (OAS) was n o t used because o f problems i d e n t i f i e d d u r i n g t h e q u a l i f i c a t i o n t e s t . This was noted as Exception #2. A v i s u a l alignment technique was developed and used f o r t h i s deployment. With more r e p e t i t i o n , t h e time t o perform t h i s t a s k could be reduced t o one o r two hours. performed a t n i g h t t o reduce the g l a r e from the sun i n t h e TRIC. was successful on t h e f i r s t attempt, there was no apparent contact w i t h r i s e r Alignment o f t h e VPM housing took l e s s than one s h i f t .
It was Alignment d u r i n g tank e n t r y .
Procedure (TO-080-701)
The EM-50 design a u t h o r i t y recommends t h a t t h e parameters, "distance between t o p o f r i s e r and bottom o f mast housing" and "Riser length" on t h e power screen o f t h e LDUA Console should be c a l c u l a t e d using t h e method used i n step 12.2.14 o f t h e LDUA Equipment Q u a l i f i c a t i o n Test (Kiebel, 1996) . method uses t h e distance between the bottom o f the VPM housing and t h e top o f t h e TRIC. Instead a s t r a i g h t measurement o f the r i s e r t o VPM housing distance was used. I t i s n o t as accurate and doesn't a l l o w f o r end e f f e c t o r l e n g t h adjustment.
Rough alignment o f Mobile Deployment System (MDS) t o t h e r i s e r was okay, b u t was several inches t o one side (MDS Y a x i s ) . A method o r t o o l t o optimize rough alignment o f the t r u c k t o t h e r i s e r would be desirable. Although n o t a problem i n t h i s deployment, a bad rough alignment o f t h e MDS t o t h e r i s e r would r e q u i r e s i g n i f i c a n t time t o re-adjust the MDS because i t would n o t be i d e n t i f i e d t i l l t h e o u t r i g g e r s were deployed, u t i l i t i e s connected and t h e VPM housing raised, e t c .
v i s u a l alignment guides. This procedure should be revised accordingly when they have completed t h i s task.
Equipment Slow Movement o f P i t c h Axis
This PNNL, funded through EM-50, i s working on o p t i m i z i n g and f i n a l i z i n g
The p i t c h a x i s continued t o e x h i b i t a c o n d i t i o n where i t r e q u i r e d t h e operator t o s l o w l y r a i s e and lower t h e VPM housing. i n d i c a t e s t h a t t h e h y d r a u l i c f l u i d l e v e l i s low. Operators must w a i t t i l l the h y d r a u l i c f l u i d l e v e l r a i s e s before t h e housing can be moved again. aware o f t h i s problem and i s evaluating a c o r r e c t i v e a c t i o n .
P i t c h Axis Slippage
The warning message PNNL i s While t h e i n i t i a l alignment was successful, t h e VPM experienced a slow gradual s l i p from negative t o p o s i t i v e (see log, Appendix C o f attached OTP). A p o s i t i v e p i t c h movement i s one i n which the t o p o f t h e housing moves t o t h e r e a r o f the t r u c k . A negative p i t c h movement i s one i n which t h e t o p o f t h e VPM housing moves toward t h e f r o n t o f t h e t r u c k . 1996, t h i s s l i g h t p o s i t i v e movement r e s u l t e d i n the arm contacting t h e r i s e r upon removal which s h i f t e d one boot clamp and caused s l i g h t t e a r i n g o f t h e boot. s i g n i f i c a n t l y affected. (towards f r o n t o f t r u c k ) . i n t o t h e t a n k because a t tank entry, t h e inclinometer readings matched t h a t o f t h e i n i t i a l alignment ( p i t c h a x i s = -.16 " ) . i n i t i a l tank e n t r y was t h a t t h e r e was more room on the p o s i t i v e x s i d e ( f r o n t o f t r u c k ) than on t h e negative x side. The p i t c h a x i s a t time o f removal from tank on Friday was +.19".
On Monday, VPM housing p o s i t i o n was returned t o t h a t o f t h e i n i t i a l On Friday September 27,
The t e a r s were between two j o i n t s so purge pressure was n o t Contact was on the p o s i t i v e x side o f t h e arm This slippage occurred a f t e r the arm was deployed Several days prior to deployment into tank farm, painters were directed to paint surfaces that were experiencing rust, unfortunately they painted the pitch axis brake surfaces.
2)
The manufacturer predicted some deflection of the VPM housing due to thermal expansion caused by the sun.
A painted brake surface will be more slippery and may require more torque of the brake bolts to keep the housing stationary. removed from the brake surfaces.
The paint must be
The MDS was positioned with the front of the truck facing the west so the afternoon sun would heat the front side of the VPM housing. consistent with the VPM tubes experiencing a pitch movement in the positive direction.
This'is
The VPM did not undergo movement on the Roll axis, and this may provide some further information to be used in comparison. The Pitch axis is controlled hydraulicly, using brakes to maintain desired position, and the Roll axis is controlled manually using, essentially, a large mechanical jacking screw with a brake to maintain desired position. allowed with the VPM deployed in the tank. Because of the positive manual adjustment capability of the Roll axis it would be possible, if necessary, during an off-normal situation, to change the roll axis angle with the VPM deployed inside the tank and to do so safely without damaging the arm. the Pitch, X and Y axes hydraulic design parameters could not be safely changed in such an off-normal situation. interest toward incorporating some form of manual adjustment into the operation of the Pitch, X and Y axes to allow for this type of contingency. Off-normal situations that could result in misalignment include brake slippage as postulated above, shifting of the MDS due to ground settling or other external phenomena.
and recommendations to SGN Eurisys Services Corporation (SESC).
Procedurally, adjustment of the Pitch, Roll, X and Y parameters is not
Diue to
Operations expressed a very strong PNNL has been asked to evaluate the problem and will provide conclusions Other Observations
PNNL w i l l continue t o improve on t h e v i s u a l alignment guides. Alignment i s one o f t h e most c r i t i c a l p a r t s o f t h e operation.
Move OOVS c o n t r o l s c l o s e r t o SDAS operator t o f a c i l i t a t e adjustment.
The r i s e r i s o l a t i o n valve handle i s cumbersome t o operate when i t s p o s i t i o n under t h e platform. device longer handle o r an angled handle.
Personnel
Improvements may include a remote operating An issue from t h e ORR r e s u l t e d i n operations mgmt t o r e q u i r e t h e f i e l d operations personnel t o wear hard hats when up on t h e p l a t f o r m operating t h e manual end e f f e c t o r exchange system (MEEES) and changing end e f f e c t o r s .
Operations personnel had d i f f i c u l t y wearing both t h e hard h a t and r a d i o head
sets. Operations w i l l consider ways t o e l i m i n a t e the need f o r hard hats by removing p o t e n t i a l sharp points, edges, etc., and/or provide padding.
IN-TANK OPERATIONS (OTP STEP 5.4 THROUGH 5.19) The gamma d e t e c t o r was n o t used i n t h i s deployment. The i n t e n t was t o deploy a gamma d e t e c t o r i n an adjacent r i s e r , grasp i t w i t h t h e GEE and o b t a i n readings f o l l o w i n g the same path taken by the HRSVS. budget c o n f l i c t s t h e d e t e c t o r could n o t be made a v a i l a b l e f o r t h i s deployment. The OTP allowed f o r t h i s p o s s i b i l i t y .
through 5.16 could n o t be performed (see exception #4, Appendix B o f attached OTP) .
Due t o schedule and
Therefore, OTP steps 5.10 and 5.12 3.3.1 Procedure A step should be added t o the tank exit/decon s e c t i o n t o manually i s o l a t e t h e GEE a t t h e at-tank instrument enclosure (ATIE) d u r i n g decon t o enhance safety.
Equipment
The HRSVS provided very c l e a r views (OTP step 5.6).
The stereo cameras enabled t h e viewer t o see features o f the tank dome, w a l l and waste t h a t would have been d i f f i c u l t t o see w i t h a mono camera. I n t e r e s t i n g features included an i n d i c a t i o n o f p i t t i n g i n a v e r t i c a l weld near the bottom o f t h e w a l l . The p i t seemed t o be as deep as t h e weld was wide. A possible improvement would be t o enable an operator t o determine width o r depth o f o b j e c t s o r f o l l o w t h e same l o c a t i o n s w i t h t h e g r i p p e r , holding a depth gauge o r some o t h e r measuring device.
The GEE performed w e l l (OTP step 5.17) however the i n d i c a t i o n f o r actual This should be f i x e d o r removed The stereo v i s i o n was c r u c i a l i n helping determine when t h e The SDAS operator OTP step 5.17 took o n l y one g r i p p e r f o r c e does n o t seem t o be accurate. from t h e screen. discarded manual tape was w i t h i n grasp o f t h e g r i p p e r jaws. was able t o grasp t h e tape w i t h t h e f i r s t t r y . hour from opening t h e r i s e r i s o l a t i o n valve, performing tank entry, o b j e c t manipulation, tank e x i t and decon. Water decon was not necessary d u r i n g t h i s e n t i r e deployment. Manual decon w i t h towels was a l l t h a t was required. Following decontamination e f f o r t s , both end e f f e c t o r s and t h e TRIC i n t e r n a l s were completely f r e e o f removable contamination. The TRIC was cleared t o open t h e door w i t h blues (SWPs n o t required) t o remove both the HRSVS and GEE.
The r a d i a t i o n detectors on t h e decon module never i n d i c a t e d any readings above background. minute.
HPTs instruments i n d i c a t e d a f i e l d o f 250 counts per
The LDUA console could be improved by enabling t h e operator t o monitor purge pressure w h i l e having t h e VPM screen displayed. t o evaluate i f t h i s can be accomplished.
t o improve i t s performance. w i t h t h e main SDAS console but was n o t s i g n i f i c a n t . Had problems o b t a i n i n g stereo v i s i o n w i t h the HRSVS a t one p o i n t b u t rebooting SDAS re-enabled t h e stereo.
PNNL has been requested SDAS continued t o r e q u i r e rebooting from time t o time. PNNL i s working The guest SDAS s t a t i o n seemed t o cause problems SDAS seemed t o be a bottle-neck f o r performing in-tank tasks mostly due t o t h e management o f t h e video. operator t o ensure t h e two VCRS had tapes i n them, t h e tapes were marked, switching views from various cameras t o be recorded, changing t i t l e s t o correspond t o t h e subject, e t c . they work t o improve SDAS. screens, customize screens ( f a v o r i t e items), move OOVS c o n t r o l s c l o s e r t o SDAS operator, e t c .
was q u i c k l y r e s t o r e d and t h e problem was suspected t o be a connector problem i n t h e output o f t h e side by side video switcher. S i g n i f i c a n t time was r e q u i r e d o f t h e SOAS 
PNNL i s considering ways t o address t h i s as Options i n c l u d e making i t easier t o switch
Personnel
Sources included t h e OOVS, VITIS, and EE cameras (HRSVS and GEE). operations could be made more e f f i c i e n t i f tapes were pre-marked, and a more d e f i n i t e "tank inspection plan" was made. Such a plan would have i n p u t from experts knowledgeable i n concrete, corrosion, welding, waste, tank i n t e r n a l s , e t c . and may r e q u i r e subject experts t o be on hand t o guide operations on what was important and what was not. For example, views o f t h e tank dome may have been i n t e r e s t i n g t o someone w i t h dome l o a d i n g o r dome pressure questions.
About 20 hours o f video tape was recorded during t h i s deployment. SDAS
The radios worked extremely well in facilitating the close coordination of the OCT and in-farm operating crews (VITIS and TRIC). The only problem was that there was not enough of them.
Crowd control in the OCT was a problem during the first day. Operations took a more aggressive posture in controlling the number of people allowed in the operating area of the OCT during the second day.
TAKE DOWN (TO-080-703)
No problems were reported with the procedure, equipment, or personnel.
OFF-NORMAL
An off-normal procedure should be prepared to address conditions where pitch axis exhibits movement while in a locked condition whether in or out of a tank and also consider the need to address all MDS axis movement. The only times we found it necessary to use the off-normal procedure, TO-080-704, was in regard to computer software problems that required us to reboot the MDS and the SDAS.
CONCLUSIONS AND RECOMMENDATIONS
The OTP was a success in that it demonstrated that the equipment generally operated as designed, operations personnel were properly trained, and LDUA procedures were accurate, all of which enabled the LDUA system to be operated safely in an underground waste tank.
It is recommended that problems identified in this report be fixed. The pitch axis slippage cannot be tolerated even though we were able t o operate safely with this problem. It is further recommended that the potential improvements identified above be evaluated and incorporated if deemed prudent and cost effective.
DISPOSITION OF TEST ITEMS
The OCT, MDS, ATIE, HRSVS, GEE and PDS shall be moved to FMEF to allow problems and improvements to be made and to support testing of the second LDUA which is to be stationed at FMEF. Operations shall decide where the most desirable storage location for the rest of the equipment shall be. Options include FMEF, 2101HV. or 2101M. The OCT, MDS, ATIE and EE should be stored so that condensation is not allowed to damage the electrical, instrumentation, and computer equipment. 
1N TANK T-106
HNF-SO-WM-OTR-213, REV 0
TEST PLAN
A test plan for this procedure has been prepared (Conrad, 1996) which describes the initial deployment o f the Light Duty Utility Arm (LDUA) in Tank T-106. The LDUA Baseline System Description (Kiebel, 1996) defines the LDUA system and components. A number of functional support modules provide instrumentation and control capability. The LDUA provides the unique capability to enter a Hanford Site underground waste storage tank through existing 12" diameter risers and position a variety of instrumentation, video or other devices mounted to the end of the arm.
1.1
Objective subsystems that are applicable to the T-106 deployment can be safely deployed in the field and operated as designed per the operating procedures. objective is to successfully set up/assemble the LDUA and its sub systems at 06, operate the LDUA inside of 7-106, perform tasks with high resolution reoscopic video system (HRSVS) and the gripper end effector (GEE) within t tank, and take down/remove all equipment from the tank farm.
The objective of this test is to demonstrate that the LDUA and
The
Scope
The scope of this test is limited only to the initial deployment at tank T-106. The hot operability test procedure (OTP), commonly referred to as the hot test", will begin when the LDUA system installation on T-farm per the set up procedures begins. This OTP will end after the same equipment has been removed per the take down procedures. T-106 is a non watch listed tank. is expected that several deployments in other tanks will be required before testing is complete. Operations has requested multiple deployments before final turnover to ensure that equipment operates correctly, procedures are accurate, and operators are comfortable with the system. OTP's will be prepared for each test deployment which will evaluate changes to equipment and/or procedures.
location
This test will be performed in Tank T-106 which is a non watch list tank and is interim stabilized. It is an assumed leaker which is the reason it was pumped many years ago. This is also a reason it was selected for this test in that the high resolution camera would allow close observation of the tank wall. There is approximately 3 inches of waste in this tank (not counting the dished bottom). The waste surface is composed of damp peripheral sludge sloping inward to an irregular shallow center liquid pool. 
It
Fire Hazards Analysis
A Fire Hazards Analysis (FHA) has been prepared (Huckfeldt, 1996) . Two findings were identified, 1) the procedure that places components in the farm must be reviewed and approved by Fire Protection Engineering and 2) emergencylrecovery must be addressed in the operating procedures.
2.3
Industrial 
Test Outline/Schedule
The following is an estimate of the durations to perform each major task. The current estimate is to be able to begin staging in late August. The goal is to be out of the farm by end of September. The overview camera will be deployed into riser Y3 (riser 13 is the primary riser, but numbers 1, 2, 4, 5 or 7 could also be used at the PIC'S discretion). 
5.10
Install the gamma detector in riser #5 or riser #7 (depending on field conditions and riser availability) to a depth of about 25 feet below the top of riser flange. This will allow the GEE to grasp the detector.
NOTE:
The gamma detector will be installed per work instruction in the work package. It sends signals to a computer that will be located in the overview camera truck via a coax cable.
5.11 Deploy GEE into tank riser 16 per procedure TO-080-702, section 5.3.
5.12
Grasp the gama detector with the GEE per procedure TO-080-702, section 5.5.
CAUTMN:
Steps 5.13 t o 5.Sregbcire that an HPT "manage" the gamma detector cable until the GEE releases it and it can be removed from the tank.
5.13
Retrace the path taken by the HRSVS AND collect and record data as required on data sheet for step 5.13 (Appendix A).
5.14 Retract GEE and gamma detector to start point elevation (25 feet below riser flange).
-. . .
5.15
Release gamma detector from the grasp of the GEE.
NOTE:
-, L
In the following step the g a m a detector will be removed from the tank per work instructions in the work package.
5.16
Retract gamma detector from tank and replace flange.
NOTE:
In the following step, the capability of the LDUA to move intank objects will be demonstrated. PIC shall position overview camera system as required to opttmize view. 
If a discarded manual tape is
